A t the request o f Westlnghouse Hanford Co. (WHC) , the P a c i f i c Northwest Laboratory (PNL) has studied several i o n exchange materi a1 s f o r t h e recovery o f cesium from Hanford waste tanks. The WHC program was divided i n t o two main tasks, 1) t o obtain e q u i l i b r i u m data f o r cesium i o n exchange ( i n i t i a t e d i n FY92), and 2) t o evaluate i o n exchange column performance. The subject o f t h i s l e t t e r report i s the i n i t i a l evaluation o f t h e i o n exchange performance f o r CS-100 (an organic r e s i n produced by Rohm and Haas) and BIB-DJ (a new resorcinol -formal dehyde organic resin, f i r s t prepared by Dr The f o l lowing conclusions were developed a f t e r completion o f t h e i n i t i a l i o n exchange column study:
The BIB-DJ organic r e s i n i s outstanding i n i t s loading k i n e t i c s as compared t o the CS-100. The volume o f feed through the column a t which the i n i t i a l detectable cesium breakthrough (C/Co = 0.0001) was noted varied f o r the CS-100 r e s i n from "2.5 t o 7 cv as the f l o w r a t e was varied from 9 t o 3 cv/hr. Under s i m i l a r conditions f o r the BIB-DJ resin, the detectable cesium breakthrough varied from 100 cv t o 160 cv.
Formic (HCOOH) and n i t r i c (HNO, ) acids were used t o e l u t e t h e cesium from the loaded i o n exchange columns. Both 0.1M HNO, and 1M HCOOH were e f f e c t i v e i n the removal o f cesium from the CS--~OO resin. The volume o f acid consumed doubled when the f l o w r a t e was increased from 1 cv/hr t o 6 cv/hr. No e f f e c t on reducing the eluant volume was noted when the temperature was increased from 25OC t o 40°C.
Formic acid was more e f f e c t i v e i n the removal o f cesium from BIB-DJ resin. Using 25 cv o facid, "40% o f t h e cesium was recovered using 0.1M -HNO, and "97% using 1N -HCOOH. A1 though t h e pretreatment and disposal requirements are s t i 11 being defined, one o f t h e f i r s t steps i n most pretreatment scenarios w i l l be a s a l t cake d i s s o l u t i o n and sludge wash step followed by a s o l i d s / l i q u i d separation. Most o f t h e cesium i s expected t o be i n t h e aqueous l i q u i d s and i t i s these s o l u t i o n s t h a t are t h e focus o f t h e cesium i o n exchange removal process. This process i s being designed w i t h t h e goal o f removing enough cesium so t h a t t h e r e s u l t i n g low-level waste (LLW) w i l l meet t h e NRC 10CFR61 c l a s s A l i m i t s f o r lj7cs ( 1 Ci/l#).
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The separated cesium may be concentrated and v i t r i f i e d f o r disposal i n t h e h i g h -l e v e l waste repository. The decontaminated aqueous l i q u i d w i l l be s o l i d i f i e d as a LLW grout f o r near-surface disposal.
The technology f o r Cs decontamination o f h i g h -l e v e l a l k a l i n e wastes and sludge wash waters i s being developed a t t h e Westinghouse Hanford Company (WHC) , Richland, Washington (Bray e t a1 . 1989b; Bray e t a1 . 1990a; Bray e t a l . 1991a; Bray e t a l l 1992); t h e Westinghouse Savannah R i v e r Company (WSRC), A i ken, South Carol i n a (Bi b l e r e t a l l 1989c; Bray e t a l l 1990b) ; and a t t h e West Valley Nuclear Services Company, Inc. (WVNS) i n West Valley, New York (Bray e t a l l 1984; Kurath e t a l l 19894; Bray e t a l l 1991b). Using t h i s technology as a s t a r t i n g p o i n t , experimental s t u d i e s a r e being conducted by P a c i f i c Northwest Laboratory (PNL) t o evaluate t h e performance o f i o n exchange processes and newly emerging techno1 o g i es using s imul ated and a c t u a l Hanford wastes.
(1) PNL i s operated f o r t h e U.S. Department o f Energy by B a t t e l l e Memorial I n s t i t u t e .
O M ECTIVES
The o v e r a l l o b j e c t i v e o f t h e WHC program i s , 1) t o evaluate i o n exchange m a t e r i a l s f o r t h e recovery of cesium from a1 k a l i n e wastes, 2) t o determine t h e i r loading and e l u t i o n c a p a c i t i e s , 3) t o determine t h e physical l i f e c y c l e ( i n c l u d i n g r a d i a t i o n and chemical s t a b i l i t y ) f o r selected. i o n exchangers, 4) t o determine i f b a s i c i o n exchange data can be a p p l i e d t o a broad range of tank wastes, and 5) t o provide c r e d i b l e l a b o r a t o r y data f o r engineering-scale evaluation and i o n exchange media s e l e c t i o n . The goal w i l l be t o provide t h e technology t o produce a Class A waste. The r e s u l t s presented i n t h i s document provide i n i t i a l t e s t cesium loading and e l u t i o n r e s u l t s f o r i o n exchange . column operations f o r two selected i o n exchange r e s i n s under a l i m i t e d range o f conditions. Data i n t h i s r e p o r t can be found i n PNL l a b o r a t o r y record books BNW 54705 and BNW 55026.
EXPERIMENTAL
Experimental work completed i n FY 1992 f o r cesium recovery included t h e determination o f cesium batch d i s t r i b u t i o n c o e f f i c i e n t s f o r t h r e e exchangers and two waste forms (Bray e t a1 . 1992) . FY 1993 experimental work included selected a d d i t i o n a l batch data and t h e i n i t i a t i o n o f i o n exchange column studies. I o n exchange processes being i n v e s t i g a t e d can be applied over a wide range o f a1 k a l i ne tank wastes. Compl exant Concentrate (CC) and Neutral i zed Current Acid (NCAW) wastes were selected f o r t h e i n i t i a l FY 1992 i n v e s t i g a t i o n . CC wastes represent a high sodium waste c o n t a i n i n g organic complexants. NCAW represents a high sodium waste c o n t a i n i n g a low organic content. The FY 1992 study showed t h a t t h e r e was no d i f f e r e n c e between waste forms i n t h e recovery o f cesium from high sodium wastes. Because o f t h e 1 imi ted avai 1 abi 1 i t y o f actual waste, simulated NCAW s o l u t i o n s are being used t o perform parametric studies. Actual wastes have o n l y been used t o o b t a i n reference p o i n t s and t o v e r i f y t h a t cesium i o n exchange f o r simulated and actual wastes are equivalent. I n 1989, r a d i o a c t i v e waste from Tank l O l A W was used t o complete a batch contact w i t h t h e Savannah R i v e r developed formaldehyde-resorcinol (BIB-DJ) r e s i n (Bray 1989b) . A d d i t i o n a l r a d i o a c t i v e tank wastes may be used a f t e r engineering-scale evaluation and i o n exchange media s e l e c t i o n has been completed.
I O N EXCHANGE SELECTION
Two organic i o n exchange r e s i n s were selected f o r t h e i o n exchange column i n v e s t i g a t i o n ; a granular phenol -formaldehyde condensate polymer i o n exchange r e s i n (CS-100) w i t h carboxyl i c acid f u n c t i o n a l groups prepared by t h e Rohm and Haas Co., and a resorcinol-formaldehyde i o n exchange r e s i n (BIB-DJ). The BIB-DJ r e s i n was f i r s t prepared by D r Jane B i b l e r and Dr. Dick Wallace a t t h e Westinghouse Savannah R i v e r Laboratory. The BIB-DJ r e s i n i s c u r r e n t l y being manufactured by t h e Boulder S c i e n t i f i c Co, Mead, CO. Coordination continues between PNL, WHC and D r . Jane B i b l e r o f WSRC t o t e s t and v e r i f y t h e BIB-DJ r e s i n ( B i b l e r 1 9 8 9~) .
VARIABLES TO BE CONSIDERED TO OBTAIN COLUMN OPERATION DATA
The e f f e c t on cesium loading and breakthrough was nieasured during column operation by s e l e c t i n g time-dependent variables ( s u p e r f i c i a l v e l o c i t y , bed volumes per hour, o r f l o w r a t e ) . Other e f f e c t s such as temperature o r feed variables (Na t o K mole r a t i o and OH-) may be t h e subject o f f u t u r e column t e s t s .
EQUIPMENT DESCRIPTION
The equipment consists o f a constant temperature water bath, an a n a l y t i c a l balance, temperature c o n t r o l l e d i o n exchange columns, and gamma counting equipment.
Ion Exchange System
The i o n exchange column system consists p r i m a r i l y o f s i x i o n exchange columns, feed storage b o t t l e s , pumps and e f f l u e n t weighing b o t t l e s . The glass.
columns each have a maximum capacity o f 200 mL o f i o n exchange m a t e r i a l . They are 2.54 cm. i n diameter and 41.9 cm. t a l l ( i n c l u d i n g head space f o r s o l u t i o n above t h e r e s i n bed). They are equipped w i t h water j a c k e t s connected t o a water bath so t h a t a constant temperature may be maintained. The columns may be run as independent columns o r can be connected i n series. The s o l u t i o n t o t h e columns i s normally fed downflow through pumps from feed tanks. Column e l u t i o n can be i n i t i a t e d upflow. The feed pump located j u s t upstream o f t h e f i r s t column i s used t o c o n t r o l t h e f l o w rate. A valve i s located a t t h e bottom of each column from which each column's e f f l u e n t may be sampled as a f u n c t i o n o f time. The e f f l u e n t from t h e f i n a l column i s routed t o t h e weighing b o t t l e . The column volumes (cv's) o f t h e e f f l u e n t processed are determined by t h e e f f l u e n t weight divided by t h e s p e c i f i c g r a v i t y o f t h e feed.
A 24,600 t 0.1-g balance i s used t o determine t h e weight o f t h e e f f l u e n t .
The operation o f t h e i o n exchange system f o r removing cesium, containing 13?cs tracer, from simulated NCAW a l k a l i n e s a l t s o l u t i o n was varied as each t e s t procedure was developed. The i n f l u e n t and e f f l u e n t counting r a t e s were measured t o determine optimum performance o f t h e i o n exchange columns as a function o f time and feed flow.
Single Column Configuration
Single column c o n f i g u r a t i o n operation consists o f i n d i v i d u a l i o n exchange columns operated independently. The columns were operated 24 hours/d u n t i l the o b j e c t i v e o f t h e t e s t was met.
3.3.3
Multi-Column Configuration Mu1 t i -col umn operat ions can be performed by connecting two t o s i x columns i n series. The columns were operated 24 hours/d u n t i l t h e o b j e c t i v e of t h e t e s t was met. Samples were taken as a f u n c t i o n o f time a t t h e bottom o f . each column. Care was taken t o 1 i m i t t h e amount . o f e f f l u e n t i n the head space on t h e top o f each column so t h a t t h e l i q u i d mixing area d i d n o t t h e o v e r a l l r e s u l t s .
PREPARATION OF SYNTHETIC WASTES
Complexant concentrate (CC) and neutral i z e d c u r r e n t a c i d waste (NCAW) were selected f o r t h e i n i t i a l i n v e s t i g a t i o n (Bray e t a l , 1992). Organic CC waste represent a high sodium waste containing organic complexants. NCAW represents a high sodium waste w i t h a low organic content. The r e s u l t s o f t h a t study show t h a t t h e organic content o f t h e waste had no e f f e c t on t h e basic cesium i o n exchange data and t h a t basic ion. exchange data can.be applied t o a broad range o f tank waste types. For t h i s study, simulated s o l u t i o n s were prepared t o represent NCAW. The i o n concentration o f NCAW i s shown i n Table 3.1. 
ION EXCHANGE COLUMN TEST INS'FRUCTIONS
The c o n d i t i o n s selected f o r t h e i n i t i a l exchange column loading t e s t s were, t o determine t h e e f f e c t o f t h e time-dependent v a r i a b l e s ( s u p e r f i c i a l v e l o c i t y o r bed volumes per hour) f o r cesium loading, t o keep t h e temperature (25OC) and feed v a r i a b l e s (Na+ concentration, NaICs mole r a t i o ) constant during t h e t e s t series; t o use an i o n exchange column c o n s i s t i n g of one t o t h r e e 200 mL segments; t o o b t a i n samples between each segment; and t o continue operation u n t i l t h e f i n a l column had a Cs CICo value o f 1 (C = concentration i n t h e e f f l u e n t , and Co = concentration i n t h e i n f l u e n t ) .
Candidate I o n Exchanger Preparation
Two m a t e r i a l s were t e s t e d using v a r i a b l e column c o n f i g u r a t i o n s , CS-100 and BIB-DJ. The o r i g i n a l NaOH pretreatment o f each exchanger i s described below. Because t h e sodium t r e a t e d BIB-DJ r e s i n appeared t o degrade d u r i n g storage, t h e m a j o r i t y o f t h e BIB-DJ column t e s t s were then completed by using "as received" r e s i n obtained from t h e center o f t h e 55 g a l l o n r e c e i v i n g drum.
The CS-100 and. t h e i n i t i a1 BIB-DJ i o n exchange r e s i n s were p r e t r e a t e d w i t h sodium hydroxide, water washed, and d r i e d . Approximately 10 l i t e r s o f t h e "as received" organic i o n exchange r e s i n were t r e a t e d i n a l a r g e i o n exchange column w i t h 3-column volumes (cv) o f 2tj NaOH, washed w i t h 6 cv o f d i s t i l l e d water, placed i n a vacuum f i l t e r funnel, washed w i t h H20, and damp d r i e d i n t h e f i l t e r f o r a predetermined time. The r e s i n was then placed i n screw-cap glass storage j a r s f o r use.
The amount o f m a t e r i a l t o be placed i n each column (200 mL) was added by weight as determined by t h e f o l l o w i n g method. F i r s t , t h e s p e c i f i c g r a v i t y o f t h e c a u s t i c t r e a t e d CS-100 o r BIB-DJ was determined (grams o f t h e d r y exchanger i n a known volume o f wet exchanger). This was accompl i shed by weighing t h e prewashed CS-100 o r BIB-DJ exchanger i n t o a 200 mL volumetric c y l i n d e r containing water t o a f i n a l t a p volume o f 200 mL. This s p e c i f i c g r a v i t y (g/mL) was then used t o determine t h e weight o f 200 mL o f r e s i n used i n t h e columns.
To load t h e r e s i n i n t o each column, t h e column was f i l l e d w i t h 2tj NaOH and t h e i o n exchange r e s i n added based on weight. Each column was back flushed w i t h 2M -NaOH t o remove r e s i n f i n e s before being connected i n s e r i e s .
The temperature o f t h e water jacketed columns was c o n t r o l l e d a t 25+Z°C. The i o n exchange and pump system was flushed and t e s t e d using a t l e a s t 3-cv o f 2Pj NaOH s o l u t i o n a t a f l o w r a t e requested f o r t h e s p e c i f i c t e s t .
To i n i t i . a t e t h e i o n exchange column t e s t , t h e s o l u t i o n head on t h e t o p o f each column was reduced t o t h e minimum. The columns were then connected as i n s t r u c t e d and t h e excess 2M NaOH above each exchange bed removed through t h e bottom sampling valve. NCAW feed was then s t a r t e d through t h e f i r s t column and t h e l i q u i d heads above each column reestablished and h e l d a t "1-inch.
When t h e l a s t column was loaded t o >90% Cs breakthrough [lJ7Cs e f f l u e n t count r a t e (C) + lJ7Cs feed count r a t e (Co) = 11, t h e t e s t was terminated. I f we apply these data t o i o n exchange column experiments, using a NCAW feed w i t h a Na/Cs mole r a t i o o f lo4, we can draw a plane through t h e data t o determine X as a ' f u n c t i o n o f t h e sodium concentration, Figure 4 .3. This provides an equivalent estimate o f t h e cesium loading capacity f o r these exchangers. Thus p r i o r t o t e s t i n g CS-100 and BIB-DJ r e s i n s i n an i o n exchange column system, a cesium loading f o r Sbj ~a ' NCAH was projected t o be 30 cv and 180 cv, r e s p e c t i v e l y ( a t Cs C/Co of 0.5).
ION EXCHANGE COLUMN LOADING STUDIES
Cesium loading experiments were performed using t h e CS-100 and BIB-DJ
resins. The t e s t s were designed t o determine t h e e f f e c t o f f l o w r a t e on t h e cesium loading c h a r a c t e r i s t i c s o f t h e r e s i n being tested. Tests t h a t have
been completed a r e shown i n 
CS-100 Loading Studies
The i n i t i a l cesium loading t e s t with NaOH pretreated CS-100 resin was completed using a single column (Test-1, Column A) a t 6 cv/hr, Figure 4 .4. The i n i t i a l detectable cesium breakthrough (C/Co = 0.0001) occurred a t 5 cv. The Cs 0.5 C/Co value was 30 cv and agrees well with that predicted from the batch distribution data, Figure 4 .3. The next three t e s t s (Test-5, -3, and -7) involved the use of three columns in series, Figures 4.5, 4.6, and 4.7. The flow rate through the f i r s t column in each series was. 3, 6, and 9 cv/hr, respectively. The column volumes a t which the i n i t i a l detectable cesium breakthrough (C/Co = 0.0001) was detected decreased with increasing flow rate; 10 cv t o 3.5 cv. In each case, the column volumes of feed passed through the system a t Cs C/Co = 0.5 was 30, 60 and 90 for the three columns in series.
Columns in series (C, D, E) can be viewed as three single columns, i.e., C (200 mL), CD (400 mL) and CDE (600 mL). A flow rate of 1,800 mL/h through t h i s series can be used t o obtain data a t three residence times, i.e., 9 cv/h, 4.5 cv/h and 3 cv/h. Selected results for the four CS-100 ion exchange t e s t s were combined t o obtain a better picture of cesium loading as a function of the residence time, Figure 4 .8. The column volumes a t which the i n i t i a l detectable cesium breakthrough (C/Co = 0.0001) was noted varied from "2.5, 3.5, 7 t o "19 cv as the flow rate varied from 9, 6, 3 t o 1 cv/hr, respectively. However, a l l of the breakthrough curves merged a t "0.5 C/Co or "30 cv.
Because there i s great interest in the above information f o r engineering scale-up, selected data was replotted as a function of feed velocity. Assuming a laboratory column with a 5.07 cm2 area and a flow r a t e of 3 cv/h, the superficial velocity through the column varied from 1.97 t o 5.92 cm/min. These data show insignificant difference between the three velocities, Figure  4 .9. This would indicate that the data obtained from the laboratory 200 mL ion exchange columns can be used t o directly scale-up t o large-scale processing columns. This has been previously demonstrated a t West Val 1 ey Nuclear Service Co., West Valley, NY when the results of the PNL 200 mL columns were used t o directly scale-up the WV 3-foot by 10 feet high zeolite columns being used for the removal of cesium from PUREX alkaline waste (Kurath 1989d) . Column Volumes had a l a r g e q u a n t i t y o f t h e r e s i n made commercially by Boulder S c i e n t i f i c Co. (BSC), which was shipped t o WSRC i n a number o f 55 g a l l o n drums. To i n i t i a t e t h e FY 1992 program f o r WHC, PNL purchased several cubic f e e t , o f r e s i n d i r e c t l y from BSC from m a t e r i a l l e f t over from production o f t h e m u l t i 55-g a l l o n B i b l e r order. However, t h i s material had a very poor Cs batch d i s t r i b u t i o n value as compared w i t h e a r l i e r B i b l e r a n a l y t i c a l samples . W e then asked D r . B i b l e r t o send us material from one o f t h e 55 g a l l o n drums i n storage. Since t h i s was d i f f i c u l t t o do i n a s h o r t time period, a one g a l l o n sample was withdrawn from a 55 g a l l o n drum by WSRC and sent t o PNL.
This material was t r e a t e d w i t h 2M -NaOH (12-21-92) and immediately used f o r batch d i s t r i b u t i o n studies (Bray e t a1 1992) . This a l s o provided t h e m a t e r i a l t h a t was l a t e r (March, 1993) used f o r t h e f i r s t 200 rr~L i o n exchange column t e s t (Figure 4 .10), which indicated t h a t t h e material had degraded since i t was f i r s t treated f o r t h e batch t e s t s .
To determine differences between t h e one g a l l o n sample, t h e 55 g a l l o n drum, and t h e i n i t i a l r e s i n (BSC-187), O.lg samples o f t h e organic r e s i n s were batch contacted ( i n duplicate) a t 25OC f o r 72 h r s w i t h s y n t h e t i c NCAW, Table   3 .1.
The Cs Kd values f o r various pretreatment conditions show t h a t t h e 1-gallon and t h e 55-gallon BIB-DJ materials appear t o be t h e same, provided t h e highest Cs Kd values f o r t h e r e s i n i n t h e drums. Water appears t o degrade t h e resin. However, soaking t h e water t r e a t e d r e s i n i n NaOH f o r "16 hrs p a r t i a l l y restored t h e r e s i n t o t h e "as received" values. Based on t h i s information, t h e 55 g a l l o n drum was again t e s t e d by varying t h e pretreatment conditions. The r e s u l t s again show t h a t t h e best m a t e r i a l i n t h e 55 g a l l o n drum i s 10 inches i n t o t h e drum w i t h no pretreatment, Table 4 .3.
That t h e o r i g i n a l r e s i n (1-gal lon) t h a t was 2bj NaOH t r e a t e d , water washed and a i r d r i e d (12/21/92) had degraded, causing t h e poor i o n exchange performance (Section 4.2.2). To t e s t t h i s theory, t h e BIB-DJ i o n exchange column studies were resumed by using as received r e s i n .
BIB-DJ Loading %udies -No Pretreatment
Three i o n exchange columns were operated i n s e r i e s (R, S, and T). The columns were each f i l l e d w i t h 200 rr~L o f BIB-DJ r e s i n obtained from approximately 10-inches below t h e surface o f t h e r e s i n i n t h e 55-gallon r e c e i v i n g drum. The o b j e c t was t o determine i f t h e r e s i n i n t h e 55-gallon drum had d e t e r i o r a t e d as compared w i t h sodium-washed r e s i n prepared (12/21/92) and tested e a r l i e r (Figure 4.4) .
The f l o w r a t e through t h e f i r s t column i n I n each case, t h e column volumes o f feed passed through t h e system (R, S, and T) a t Cs CICo = 0.5 was 190, 380 and 570 f o r t h e t h r e e columns i n s e r i e s , Figure  4 .11.
There was no detectable breakthrough o f t h e succeeding column p r i o r t o 0.95 CICo breakthrough o f t h e i n i t i a l column. The resi,n i n t h e 55 g a l l o n drum (10-inches below t h e surface) was comparable t o t h e i n i t i a1 batch d i s t r i b u t i o n studies. The data i n Table 4 .3 confirms t h a t t h e r e s i n on t h e surface may be degraded, b u t t h a t r e s i n 10 inches i n t o t h e drum i s protected by t h e surface r e s i n .
Columns i n s e r i e s (R, S, and T) can a l s o be viewed as t h r e e s i n g l e columns , i .e., R (200 mL) , RS (400 mL) and RST (600 mL) . A f 1 ow r a t e o f 1,800 mLIh through t h i s s e r i e s was used t o o b t a i n data a t t h r e e residence times, i.e., 9 cvlh, 4.5 c v l h and 3 cvlh. The column volumes a t which t h e i n i t i a l -.
1000
Column Volumes detectable cesium breakthrough (CICo = 0.0001) was noted varied from 100 cv, 140 cv and 160 cv as the flow r a t e varied from 9, 4.5 t o 3 cv/hr, respectively. However, a l l of the breakthrough curves merged a t "0.5 CICo o f 190 cv as expected, Figure 4 .12.
The r e s u l t s show t h a t the BIB-DJ r e s i n has a cesium capacity approximately 6.3 times t h a t o f CS-100 under s i m i l a r conditions.
ION EXCHANGE ELUTION STUDIES
Cesium e l u t i o n experiments were performed using t h e CS-100 and BIB-DJ cesium loaded resins (Section 4.2).
The experiments were designed t o determine the e f f e c t o f f l o w rate, temperature, and type of acid eluate on . 4.3.1 CS-100 E l u t i o n Tests E l u t i o n t e s t s were i n i t i a t e d f o r CS-100 and i o n exchange columns 0, P, and Q a t 1 cv/hr and 2 5 '~ using n i t r i c o r formic acid, Figure 4 .13. The i n i t i a l r e s i n had been loaded t o a value equal t o t h e cesium contained i n 30 column volumes o f NCAW (Loading Test #7). The 1N -HCOOH very e f f i c i e n t l y e l u t e d t h e cesium i n 6 cv o f acid, concentrating t h e cesium 5-fold. However, t h e e l u t i o n r e s u l t s f o r 0.05 (Figure 4 .14) and 0.1H HNO, show t h a t 5 t o 12 cv o f d i 1 u t e i n f l u e n t a c i d w i 11 pass through t h e column before t h e e f f l u e n t was a c i d i c as noted by t h e change i n pH. This i s t h e r e s u l t o f t h e column containing residual hydroxide from t h e column post wash. This e f f e c t i s n o t observed i n t h e 1N HCOOH case because o f t h e higher concentration o f hydrogen ion, Figure 4 .15. Discounting t h i s p o t e n t i a l r e c y c l e stream, t h e amount o f 0.05 o r 0.1H n i t r i c a c i d required before reaching a C/Co value o f 3 . 0 0 1 was 9 cv and 13 cv o f a c i d respectively, concentrating t h e cesi,um '%fold.. When several t e s t s were repeated a t a higher temperature (40°C versus 25OC) no change i n a c i d requirement was observed, Figure 4 .17.
When t h e above s e r i e s o f e l u t i o n t e s t s was repeated a t a h i

BIB-DJ E l u t i o n Tests
E l u t i o n t e s t s were i n i t i a t e d f o r BIB-DJ r e s i n and i o n exchange columns R, S, and T a t 1 c v l h r (25OC) using n i t r i c o r formic acid, Figure 4 .18. The double peak f o r t h e HCOOH e l u t i o n s has n o t y e t been i d e n t i f i e d . Analysis o f t h e a c i d e l u a t e may reveal t h a t K, Rb, and Na are a l s o being e l u t e d i n t h i s region causing t h i s observation. Each r e s i n column had been loaded t o a value equal t o t h e cesium contained i n 190 cv o f NCAW (Loading Test #8) . A f t e r passing 25 cv o f 0.1M -HNO, through column R, 45% of t h e cesium was eluted. A f t e r passing 31 cv o f e i t h e r 0.5 o r 1M -HCOOH through Columns T and S, 97% o f t h e cesium was eluted. Since 190 cv of NCAW had o r i g i n a l l y been loaded on t o t h e columns, even a 97% e l u t i o n allows 5.7 cv o f cesium t o remain on t h e r e s i n . The r e l a t i v e l y poor e l u t i o n behavior o f BIB-DJ may be due t o t h e "35% volume shrinkage during e l u t i o n when ~a + -K+ -CS+ i s replaced w i t h H+. There i s a v i s i b l e v o i d space between t h e r e s i n and t h e w a l l o f t h e i o n exchange column during e l u t i o n . The t e s t s were a l l c a r r i e d out using downflow e l u t i o n . It may be possible t o improve t h e e l u t i o n w i t h upflow o f t h e acid, such t h a t t h e bed i s f l u i d i z e d , o r by vibrating. t h e column t o break up t h e resin. This may n o t be a problem i n a l a r g e r column where t h e weight o f t h e r e s i n i s much greater. These and other suggestions f o r improved e l u t i o n c h a r a c t e r i s t i c s w i 11 be evaluated i n FY 94. -.
Column Volumes
-i g 
-i
Column Volumes Column Volumes Loading and elution studies will be continued t o evaluate t h e current resin and new commercial resin being manufactured by Boulder S c i e n t i f i c Co (ordered f o r delivery 9/93). In addition, engineering evaluation of t h e data t o provide a scale-up model will be completed. Radiation damage i s currently being studied and will be reported. Other types of waste and conditions will be evaluated i n FY 94.
